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METHOD FOR TRIGGERING A TWO-STAGE BELT TENSIONER 
Background Information 

The present invention is based on a method for triggering a two-stage belt tensioner 
according to the species defined in the independent claim. 

5 

Sunmiary of the Invention 

The method according to the present invention for triggering a two-stage belt tensioner has 
the advantage that the second stage of the belt tensioner is triggered at a suitable time which 
10 is determined as a function of the crash severity and the sitting position of the respective 
occupant. The crash severity is ascertained with the aid of a signal derived from the 
acceleration. The sitting position brings an influence to bear on the evaliiation of the signal, 
preferably by influencing threshold values, which are also determined as a function of time 
and in an adaptive manner. 

15 

Advantageous improvements of the method for triggering a two-stage belt tensioner indicated 
in the independent claim are rendered possible by measures and further refinements specified 
in the dependent claims. 

20 Particularly adv£intageous is the fact that, in the case of hard crash events, the second belt 

tensioner stage is fired with minimal delay after the first stage, while, in the case of softer or 
slower crashes, sufficient time is available for a detailed evaluation of the signals derived 
from the acceleration. These signals may derive from a sensor in the central unit and from 
external satellite sensors such as upfront sensors for example. 

25 

The method according to the present invention permits the second belt tensioner stage, which 
is normally fired in a pyrotechnic manner, to be used between the first and the second airbag 
stages, for example, such that an overall sequence of the restraint devices results in the case 
of a frontal crash: 
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Belt tensioner first stage - airbag first stage - belt tensioner second stage - airbag second 
stage. 

5 Temporally, however, the second belt tensioner stage should be fired preferably before the 
first airbag stage, so that the method according to the present invention evaluates the time 
conditions relative to the first belt tensioner stage. 

The method according to the present inventions compares the speed signal in the direction of 
10 travel, that is, the so-called X-integrator, which integrates the acceleration signal in the 

direction of travel, with a fixed threshold. This threshold generally varies for the driver, the 
fi'ont-seat passenger and optionally also for the backseat positions. Moreover, different 
thresholds may be employed for different static conditions under which a crash occurs. Such 
static conditions are conditions that do not change during the crash. This includes, for 
15 example, the position of the driver's seat or the fi"ont passenger seat, i.e. large or small 

distance fi'om the steering wheel or the dashboard, the speed of the vehicle at the onset of the 
crash, which can be divided into various classes, the speed relative to the obstacle prior to 
initial contact, which is ascertained using a pre-crash sensory system, and other information 
available in the vehicle. 

20 

Dynamic information firom additional fimctions, which are calculated during the crash fi-om 
sensor signals, may modify the thresholds as a fiinction of time, i.e. an adaptation is 
performed. 

25 The method according to the present invention is calculated only up to a maximum point in 
time following the exceeding of the threshold for the first belt tensioner stage, that is, a 
maximxmi delay between the first and second stages, since otherwise even crashes that do not 
reach the severity required for triggering the second belt tensioner stage would eventually 
reach the integrator threshold for the second belt tensioner stage in the later course of the 

30 crash. For crashes which only late in the course of a crash prove to be sufficiently severe to 
require a triggering of the second airbag stage, crzishes against a soft barrier for example, it 
can prove practical to ensure a simultaneous triggering of the second belt tensioner stage and 
the second airbag stage. 
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Finally, it is also advantageous that a knee airbag is triggered simultaneously with the second 
belt tensioner stage. In this case, the second belt tensioner stage may be installed as a second 
pyrotechnic firing at hip or at shoulder level or also as a bag-in-belt. 

Brief Description of the Drawings 

Embodiments of the present invention are shown in the drawing and are explained in more 
detail in the following description. 



The figures show: 

Figure 1 a block diagram of the method according to the present invention, 

15 Figure 2 a flow chart of the method according to the present invention. 

Figure 3 a subfunction of the method according to the present invention for hard 
crashes, 

20 Figure 4 a subfunction of the method according to the present invention for soft 
crashes. 

Figure 5 a first signal pattern of the integrated acceleration signal in the x direction and 

25 Figure 6 a second signal pattem of the integrated acceleration signal in the x direction. 
Description 



Today's systems are designed to trigger a one-stage belt tensioner system as a function of the 
30 detected crash severity. The triggering decision algorithm required for this purpose is 
implemented as follows: 
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The acceleration signal of the central control unit runs through two central paths. The integral 
of the acceleration in the x direction, i.e. in the direction of travel, which then represents the 
speed reduced over the course of the crash, is computed in the upper path, while in the lower 
path crash- and vehicle-specific characteristics are extracted firom the acceleration signal, 
5 likewise in the direction of travel, using various filter functions and are converted into a 
triggering threshold that is a fiinction of acceleration. The triggering decision is then 
generated by comparing the integrator value with the triggering threshold. 

According to the present invention, the triggering of a second belt tensioner stage is now 
10 integrated into this concept. 

Figure 1 shows, in the form of a block diagram, the fundamental sequence in the evaluation 
of an acceleration signal a, which is obtained in block 1 by an acceleration sensor. In block 2, 
this acceleration signal is integrated to form a speed signal, which corresponds to the speed 

15 reduced in a crash. In the lower path in block 3, the same acceleration signal is filtered 
through a filter 3 in order then to determine fi-om this filtered acceleration signal in 
combination with other vehicle-specific characteristics a triggering threshold for the 
integrated acceleration signal. This triggering threshold, which is determined as a function of 
time, is made available as a threshold to a threshold-value decision circuit 5. Threshold- value 

20 decision circuit 5 now compares the integrated acceleration signal fi^om block 2 to this 

threshold. If the integrated acceleration signal falls above this threshold, a triggering case is 
diagnosed. This is then fed to a block 6, which is responsible for triggering restraint devices. 
In order finally to trigger the restraint devices, the signal of a plausibility sensor is still 
required. For this purpose, a safety switch or another acceleration sensor may be used for 

25 example. 

Figure 2 now shows the sequence of the method according to the present invention. 
Acceleration signal a is generated in block 1 in method step 7. In method step 8, a 
threshold- value decision made in threshold-value decision circuit 5 decides whether a 
30 triggering case is at hand. If this is not the case, then method step 7 is repeated. If it is the 

case, however, then a check is performed in method step 9 to determine whether, in addition 
to the first belt tensioner stage now being triggered, the second belt tensioner stage should be 
triggered as well. That is to say, a check is performed in step 9 to determine whether a hard 
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crash is at hand. Li such a case, the second belt tensioner stage must be triggered immediately 
and another signal analysis is not necessary. Thus, if a hard crash is detected, the system 
jumps to method step 10 and the second belt tensioner stage is triggered. In parallel and 
afterwards, another algorithm computes the triggering decision for the airbags. 

The triggering of the belt tensioners also takes data about the occupants into account, i.e. 
whether the seat is occupied at all, what are the weight parameters of the person, and on 
which seat the person sits. More or fewer than these three parameters may be used. If the 
person sits in the driver's seat, then the belt tensioners must be triggered earlier, since the 
distance to the steering wheel, i.e. to an impact object for the person, is shorter than that from 
the front-seat passenger to the dashboard. These are static parameters which determine the 
triggering thresholds in block 4. 

If in method step 9 the system recognized that a hard crash is not at hand, thus that only the 
1 5 first stage is triggered, then a detailed signal analysis of the integrated acceleration signal is 
performed in method step 1 1 . The acceleration signal per se may be evaluated here as well. If 
the signal analysis in method step 12 establishes that now the second belt tensioner stage 
must be triggered as well, since the soft crash, for example, proves to be dangerous enough 
that the person must be protected by the second belt tensioner stage, then the system jumps to 
20 method step 50 in order to trigger the second belt tensioner stage. If the signal analysis in 
method step 12, however, did not ascertain a triggering for the second belt tensioner stage, 
then the system jumps to method step 13 in order to monitor the second airbag stage. If now 
in method step 14 it was established that the second airbag stage is triggered, then the system 
jimips to method step 60 in order to trigger the second belt tensioner stage as well. If in 
25 method step 14 it was established that the second airbag stage is not triggered, then the 

system jumps to method step 15 in order to terminate the method according to the present 
invention at this point. 

Figure 3 shows the case for a hard crash in the form of a flow chart. The integration time 16, 
30 that is, the time since the noise threshold was exceeded and the integration of the acceleration 
signal A has begun, is fed to a block 17 in which a check is performed to determine whether 
the integration time falls below the time tfast which was established by experiment to detect a 
hard crash. That is to say, within this time, the first belt tensioner stage must already have 
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been fired. This is verified in the lower branch. A signal 18 which indicates whether this first 
stage of the belt tensioner was fired is fed to a block 19. If this is the case, then block 19 
issues a logical 1, and block 17 then also issues a logical 1 if the integration time still falls 
below the time tfast- The outputs of both fimctions 17 and 19 are fed to an AND gate 20 such 
5 that AND gate 20 issues a logical 1 only if both conditions indicating a hard crash are 

fiilfiUed. Thus if a logical 1 is present in both, then as output signal of AND gate 20 a logical 
1 is issued, which as signal 21 then indicates that now the second belt tensioner stage is also 
to be fired immediately. This case, therefore, constitutes a hard crash. Here no fiirther signal 
analysis is performed, which would only result in a delay. 

10 

Figure 4 shows the case of a soft crash as a block diagram. A signal 22 provides the 
integration time to a block 23 which checks whether this integration time falls below a time 
tmax- This time tmax is fixed in order to ensure that the second belt tensioner stage in the case 
of a soft crash is not triggered merely because a specific time has elapsed, and thus to avoid 

15 an imnecessary triggering of this restraint device. Block 23 thus issues a logical 1 only if the 
integration time falls below this time tmax- The output signal of block 23 in turn is fed to an 
AND gate 26. A signal 24 representing the integrated acceleration signal in the direction of 
travel is fed to a block 25. In block 25, this integrated acceleration signal is compared to the 
second threshold, that is, the threshold for the second belt tensioner stage. If this signal falls 

20 above the second threshold, then block 25 issues a logical 1 to AND gate 26. AND gate 26, 
therefore, will issue a logical 1 as output signal 27 only if the integration time ifalls below the 
time tmax and the second threshold has been exceeded. Second threshold 25, however, is 
calculated dynamically. This occurs in block 28, which is on the one hand fed by a signal 31, 
fi-om which dynamic data are derived. On the other hand, static data 30, which initially in 

25 block 29 result in a first threshold calculation, also enter into threshold- value calculation 28. 
This first threshold is fed to block 28 which then modifies this threshold as a Amotion of the 
dynamic data. As shown above, dynamic data are calculated as a sensor signal, while the 
static data are conditions that do not change during a crash such as the position of the driver's 
seat and of the firont-passenger seat, the speed of the vehicle at the beginning of the crash, the 

30 relative speed as compared to the obstacle prior to initial contact and other such information. 



If AND gate 26 now issues a logical 1 as signal 27, then the second belt tensioner stage will 
be fired. 
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These signals, whether a belt tensioner was fired, are usually indicated by flags set in 
registers. The method according to the present invention normally runs on a processor in the 
central control unit. A microcontroller may be used as such a processor. It is also possible, 
5 however, to have this algorithm processed by a distributed intelligence. That is to say, in this 
case, a separate processor is assigned to the belt tensioners. 

Figure 5 shows a first typical crash sequence appearing in a crash of a low crash severity. The 
crash severity is here determined by a signal derived fi*om the acceleration, in this case by the 

10 speed signal. Here the crash severity is established in particular by an analysis of 

characteristics. Speed signal 43 is represented here in a speed-time diagram. The time is 
represented on the abscissa 32, while the speed signal is represented on the ordinate 33. The 
integrator starts at time 34 since at this point a noise threshold is exceeded. From this time 34 
on, the time interval is monitored until time tfast 35 in order to ascertain whether a hard crash 

15 is at hand. As shown above, the condition is that during this time the first belt tensioner stage 
is fired. In such a case, after the firing of the first belt tensioner stage following the time tdeiay, 
which is preset, the second belt tensioner stage is fired automatically without performing 
another signal analysis. Here this is not the case however. In the further course, the threshold 
value for the first belt tensioner stage is reached at time 36 and the first belt tensioner stage is 

20 fired. Beginning at time 36, the time span is monitored until time 38, for during this time the 
second belt tensioner stage must be fired unless the event is a crash of such low crash 
severity, for example against a soft barrier, that the use of the second belt tensioner stage is 
not necessary. At time 37, however, the threshold for the driver for the second belt tensioner 
stage was reached, and the second belt tensioner stage is fired. This threshold 39 is composed 

25 of the static information described above and of an add-on consisting of additional dynamic 
parameters. Here the crash type detection in particular is taken into account. Signal 43, 
however, does not reach the threshold 40 for the front-seat passenger during the period 
ending at time 38, so that here the use of the second belt tensioner stage for the firont-seat 
passenger is not necessary. 

30 

Figure 6 shows a crash sequence of high crash severity. The same elements as are represented 
in Figure 5 are here indicated by the same reference numerals and are not explained in more 
detail. Here again, the signal pattern of integrated acceleration signal 43 reaches such a 
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magnitude at time 36 that the first beU tensioner stage is triggered. Again, the system 
monitors until time 38 whether the second belt tensioner stage is triggered. In this case, 
however, the threshold for the fi-ont-seat passenger is exceeded by signal 43 already at time 
41, so that here the second belt tensioner stage for the fi-ont-seat passenger is triggered. 
5 Threshold 40 in this case is lowered at time 41 by the crash signal on the basis of the dynamic 
data, and thus this threshold is exceeded. The subsequent signal pattern reveals that threshold 
40 is raised again. The threshold for the driver 39 is exceeded by signal 43 only at time 42. 
Here too, the signal pattern causes an adaptation of the threshold. Consequently, the second 
belt tensioner stage for the driver is also triggered at time 42. Overall this represents a typical 
10 pattern for a crash of high crash severity, in the case of a crash into a hard barrier for 
example. 

The requirements for triggering the second belt tensioner stage are generally different for the 
driver and the fi-ont-seat passenger. Thus, for example, the second belt tensioner stage should 
15 be fired for the driver already in case of a lower crash severity than in the case of the 

front-seat passenger, so as to avoid knee injuries. This applies especially to a sitting position 
very close to the steering wheel. By contrast, the danger of injury to the front-seat passenger 
by slipping through below the belt, also known as submarining, only becomes relevant in the 
case of higher crash severities. 
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